Wi-Fi/LTE-U coexistence by exploiting the recent advances in self-interference suppression. The interference generated by the LTE-U transmissions is then modelled by a hidden Markov process and the transmission rates/modes are jointly determined by using a partially observable Markov decision process (POMDP) based framework. However, at the current state-of-the-art flawless full-duplex operation is not achievable, hence this forward-looking paper may lead to further studies bearing in mind realistic full-duplex scenarios.
The third contribution addresses the issues of "Energyefficient bandwidth aggregation for delay-constrained video over heterogeneous wireless networks" in the context of an energy-and video-quality-aware bandwidth aggregation scheme designed for the demanding application scenario of wireless video transmission. Explicitly, video-telephony should be lip-synchronized, which imposes strict delay limits. The authors develop an analytical framework to model the associated video-quality versus energy dissipation tradeoff in the context of heterogeneous wireless networks and propose an efficient bandwidth aggregation framework that integrates energy-conscious rate adaptation, delay-constrained unequal video protection and video-quality-aware packet distribution. This sophisticated optimization problem reflects the emerging research-trend of multi-component optimization invoked for striking an application-scenario-dependent trade-off amongst multiple potentially conflicting design objectives. In this context it is worth emphasizing that the particular choice of the optimization objective function has a more grave impact on the performance of the system than the specific choice of the optimization tools employed.
The fourth contribution, which is entitled "Overlay spectrum sharing using improper Gaussian signaling," aims for achieving performance improvements in typical interference limited networks. The noise is usually imposed by the Brownian motion of the electrons in the receiver is typically modelled as a circularly symmetric complex-valued Gaussian variable. By contrast, the interference is often non-circular, which is also termed as being an improper Gaussian process. The authors consider both idealized full as well as realistic partial channel knowledge based scenarios and derive the feasibility conditions of relying on overlay cognitive radio systems. The conditions under which improper Gaussian signalling schemes become superior to their proper Gaussian counterparts are 0733-8716 © 2017 IEEE. Personal use is permitted, but republication/redistribution requires IEEE permission.
See http://www.ieee.org/publications_standards/publications/rights/index.html for more information.
characterized with the aid of closed-form expressions. It may also be worth further investigating the system considered in the presence of a single dominant interferer. The fifth paper, namely "Throughput and fairness analysis of Wi-Fi and LTE-U in unlicensed band" relies on the popular stochastic geometry theory to develop a framework for multiradio access technology (multi-RAT) based heterogeneous networks, which consist of an LTE-U tier and a Wi-Fi tier. The authors derive the coverage probability as well as the spatial distribution of the throughput of the Wi-Fi and LTE-U networks considered. They also carry out the associated asymptotic performance analysis, when the density of both the Wi-Fi and LTE-U nodes tends to infinity. This paper might inspire researchers to extend these ideas to mm-wave as well as to optical wireless aided heterogeneous networks.
The sixth treatise, which is entitled as "Auction-based coopetition between LTE unlicensed and Wi-Fi," proposes a spectrum sharing framework for the 'coopetition' (i.e., cooperation and competition) between LTE and Wi-Fi in the unlicensed band, where the LTE network may opt for operating in one of the following two modes: in the competition mode, where it randomly accesses an unlicensed channel and interferes with the Wi-Fi access point using the same channel; by contrast, in the cooperation mode, where it delivers traffic for the Wi-Fi users in exchange for the exclusive access to the corresponding channel. It is plausible that in case of aggressive competition a large fraction of the sessions are prone to outages and even to being dropped. Cooperation may be encouraged by the reward of increased communications quality, which is however expected to result in reduced number of sessions being supported.
The seventh study, "Co-primary spectrum sharing for inter-operator device-to-device communication" considers a spectrum sharing scenario, where a number of operators construct a spectrum pool dedicated to the support of interoperator D2D communication. The operators are assumed to negotiate in the form of a non-cooperative game about how much spectrum each operator contributes to the joint spectrum pool. However, operators, who contribute little to the common bandwidth-pool, whilst exploiting a larger fraction of it than their fair share might become marginalized and left out from future alliances.
The eighth paper, which is entitled as "Efficient 3D resource management for spectrum aggregation in cellular networks," introduces the power domain for spectrum aggregation from the perspective of the MAC layer. More explicitly, it extends the resource block concept to a new resource management unit termed as resource cube (RC), which has three dimensions: time, frequency, and power. Furthermore, the authors propose a 3D radio resource management scheme for exploiting the aggregated 3D RCs.
The ninth contribution advocates "Small-Macro cell cooperation for HetNet uplink transmission: Spectral efficiency and reliability analyses" and investigates the benefits of cooperation between the macro-cells and a small cell in terms of improving the spectral efficiency and reliability of the uplink transmission in a heterogeneous network (HetNet). The authors propose a transmission scheme based on superposition block-coding at each user equipment, while using both coherent decode-and-forward relaying and sliding window based decoding at the small-cell BS. By contrast, quantize-andforward based relaying is proposed for the macro-cell BS. The optimal quantization scheme to be used at the macrocell BS that maximizes the overall spectral efficiency is also determined.
The tenth treatise, namely "Spectrum sharing for drone networks," studies spectrum sharing of drone-assisted small cell (DSC) networks modeled by a 3D Poisson point process. These networks exhibit numerous potential benefits, such as the provision of temporary radio coverage for large-scale public events, concerts, sporting events etc. Naturally, they require further research, since they also pose many open challenges, including their reliable navigation and control in the face of strong winds, their powering with the aid of laser-charging, just to name a few. This work also investigates an underlay spectrum sharing regime between the 3D DSC networks and the traditional cellular networks modeled by 2D Poisson point processes. Both analytical and numerical coverage probability and achievable throughput results are presented.
The eleventh contribution reports on advances in "Heterogeneous networks in shared spectrum access communications" where a macro-cellular network (MCN) is supported by efficient offloading services offered by a small cell network (SCN) in the vicinity. In exchange, the SCN is rewarded with licenses to share the spectrum that was originally owned by the MCN. Furthermore, the authors employ a network model known as a Binomial point process (BPP) to carry out the analysis of the system. It is anticipated that the pros and cons of the binomial versus Poisson point processes might be investigated in the future.
The twelfth paper is entitled "Sparse frequency domain spectrum sensing and sharing based on cyclic prefix autocorrelation," which proposes an attractive detection scheme for orthogonal frequency-division multiplexing based primary users communicating in spectrum sharing aided systems. Novel analytic expressions are derived for the corresponding detection threshold, for the probability of false alarm and for the probability of successful detection. The analytical results are also confirmed by extensive computer simulations.
The thirteenth treatise is related to the subject of "P 2 -SAS: Privacy-preserving centralized dynamic spectrum access system" which relies on sophisticated secure multi-party computation, where none of the incumbent users' or secondary users' data is exposed to any snooping party, including the central server itself. Indeed, spectrum sharing is prone to information security breaches, hence the authors formally prove the privacy-preserving nature of their scheme and characterize its scalability based on experiments relying on real-world data.
The fourteenth paper, which is entitled as "Multipath streaming: Fundamental limits and efficient algorithms," investigates streaming over multiple links, where a file is split into small chunks that may be transmitted over different links according to some policy and they are received after some random delay. The authors determine the lower bounds of the 'starvation probability' and then propose simple practical schemes for approaching these limits. Their numerical experiments demonstrate the accuracy of the proposed bounds.
The fifteenth study is dedicated to the "Cost-reliability tradeoff in licensed and unlicensed spectra interoperable networks with guaranteed user data rate requirements." The authors design a framework for 5G licensed and unlicensed spectrum based interoperable networks relying on a cloud radio access network and the emerging decoupled control/data based network architecture. They investigate the network-level reliability versus cost tradeoff from two different aspects. Firstly, they study the fundamental tradeoff between the achievable reliability and the associated cost by minimizing the cost of a given reliability level. Secondly, they define a quality of experience based utility, which is invoked for the sake of characterizing the reliability versus cost relationship by highlighting the inherent tradeoff between them.
The penultimate paper entitled "A filter-bank transceiver architecture for massive non-contiguous carrier aggregation" focuses on the digital baseband processing part of the transceiver and proposes a filter-bank based architecture that supports inter-band carrier aggregation at a modest complexity price compared to that of a transceiver operating on a single component carrier having the same aggregate bandwidth. The construction of this new architecture is cast as a filter design problem subject to some basic constraints imposed on the transmitted waveform, on the channel statistics and on the receiver scheme.
The final paper, namely "Clustering-based spectrum sharing strategy for cognitive radio networks" considers multiuser orthogonal frequency division multiplexing-based cognitive networks, where the objective is to maximize the sum-rate of the system under a specific total transmit power budget for the system, whilst satisfying the transmission rate requirements of the end users. The authors propose a two-stage algorithm for solving the associated mixed integer programming optimization problem. Finally, simulation results validate the efficiency of the proposed algorithm.
Once again, we hope that through the selection of the articles in our sequel of our three special issues, namely the October 2016 issue, the November 2016 issue and the current issue, we can stimulate further in-depth discussions and new contributions to the related areas.
Recent Trends in the Evolution of Spectrum Sharing: Based on the papers in this issue some clustering of the contributions may be observed, as detailed below 1) The specific spectrum sharing techniques investigated, including cognitive radios, multi-operator solutions, device-to-device support by spectrum sharing, auctions, compressive spectrum sensing, aggregation of multiple subcarriers, information-privacy issues, etc.
2) The particular system contexts considered, as exemplified by LTE and WiFi, representing large and small cells, respectively.
3) The novel multi-component optimization tools invoked for improving the techniques mentioned under 1) as well as Poisson versus binary point processes both in 2D and drone-assisted 3D contexts.
4) Applications, such as video streaming, multi-route streaming, decoupled control and data links, drone-aided networking and its radical research aspects. To elaborate a little further on the above-mentioned four aspects:
1) The specific spectrum sharing techniques, such as cognitive radio techniques as well as decoupling the data and control information, indeed have the potential to exhibit substantial service-quality benefits, but they also impose further open research challenges. 2) Again, several contributions investigated the all-important LTE/WiFi coexistence, with a special emphasis on the achievable throughput and fairness aspects. Their auction-based 'coopetition' relying both on cooperation and competition was also analysed.
To expound further, the system contexts investigated LTE and WiFi which tend to have different propagation scenarios and bitrates, whilst supporting diverse services. Indeed, this is one of the reasons why their spectrum sharing tends to be beneficial. 3) Since the base station of a large terrestrial-cell typically has a higher coverage area than that of a small base station, large cells have to handle higher tele-traffic, despite their potentially more tenuous link quality. By contrast, the small cells tend to benefit from benign line-ofsight propagation scenarios and they can be invoked for providing a backhaul for the adjacent large cells. 4) Device-to-device communications aspects continue to attract research attention also in this issue in the context of a spectrum-pool sharing based on inter-operator bandwidth-contributions. 5) Compressed spectrum sensing and full-duplex relaying have also attracted special attention. 6) Cutting-edge application scenarios, such as video streaming relying on multi-level H.265 video coding would also call for more research, where the videoenhancement layers may be transmitted over the somewhat intermittent CR-aided specrum-slivers. Even more ambitiously, stereoscopic or holographic video streams could be transmitted in the associated cameraphone networks. 7) Somewhat unexpectedly, the choice of optimization tools invoked for improving the techniques mentioned under 1) remained limited in this issue, even though the demanding optimization problems considered call for powerful multi-component optimization procedures.
We might speculate that this was perhaps the consequence of having a recent JSAC special issue on the application of game-theoretic optimization approaches. 8) Similarly, further communication theory research is needed on the subject of fundamental limits. Hence this paucity of powerful multi-component optimization tools and the lack of network-theoretic analysis may indeed require further research by You -valued colleague.
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